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DESCRIPTION 

INPUT STAGE RESISTANT AGAINST NEOATIVB VOLTAGE SWINGS 
Held of the invention 

T1)e piesent invention idales to inpist stages having piotBcdon against negative voltage swings. 
5 In particular, tiie present invention relates to CMOS ii^ut stages and (heir protecticm. 

Bacl^;round of tiie invention 

While modem CMOS IC (conxplementaiy metal oxide semiconductor integrated circuit) 
1 0 Mnication tedmolQgjes are ^ing down witii critical g^metrical dimensions, the maximum 
allowed voltage swing across individual transistors and wifli it fbe maximum allowed sc^ly 
voltage is ^ing down rs^ndly . On the otiior hand, flie signal swing at an input poA of a CMOS 
device may go beyond tiiese voltage lindts. Even more problematic is the &ct that there are 
applications where input signals witii anegative voltage swing may occur. 

15 

A CMOS device typicaUy comprises some Idnd of a level l»in 
Older to shift die voltages at the input pad 1 to die lower levels of tiie Vdd voltage domain of 
the core 6 of the CMOS device. Sudialevel drifter 5, however, is not suited to handle input 
signals wib a negative voltage swing. 

20 

CMOS ICs have to be protected against electrostatic dischaige (BSD) in order to make sure 
that flie drcuit is not damaged by voltage peaks. Usually, ESD (BSD) protection el^ents, 
such as diodes 2 and 3 are provided between the circuit' s ic^ut pad 1 , tiie voltage supply 
temrinal Vbo and ground GND, as dq)icted in Rg. 1 . ESD protection is enq)loyed in order to 
25 prevent the v^ sensitive level shifter 5 fix)m being destroyed when it is subjected to a 

dischar^ event Ihis might happen for example when somebody induces a voltage peak into 
the dicuitcy by touching the pins of the chip. Such an ESD protection scheme does not 
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function when negative voltages aie applied to the input pad 1 , since the diode 3 would enter 
conduction, whidi would lead to a dippipg of the input signal. 

Moxe details about BSD protection and level shifting fi>r CMOS devices handling input dgnals 
5 with positive signal swings aie addressed in the co-pending p^ 

'INPUT STAGE RESISTANT AGAINST fflGH VOLTAGE SWINGS'*, as fUed on 
06.02.2002 Application number ^^0200268 1.1 was assigned to this co-prading applicatioa 

It is an object of the preset invCTtion to provide input stag^ tiiat are able to handle negative 
10 voltage swings and to provide iqpparatus based thereon. 

It is another object of the present invention to provide input stages that are able to handle 
negative voltage swings and to withstand ESD events, and to provide apparatus based 
theieon. 

15 

Summaiy of tiie Invention 

These and other objects are acconqplished by an apparatus circuit according to claim 1 . 
Furtiier advantageous in^lementations are claimed in claims 2-9. 

20 

The piiesent invention allows to realize circuits with reduced fabrication technology costs and 
less complex system design. 

Brief description of the drawings 
25 For a more complete description of the present invention and for furthCT objects and 

advantages thereof, reference is made to the following description, taken in conjunction with 
the aocompanyiiig drawings, in which: 
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FIG. 1 is a schematic lepiesOTtation of a conventional CMOS device with ESD protection 
and level shifter, 

FIQ. 2 is a schematic xepiesentation of a first embodiment of the potesent invention; 
FIO. 3 is a diagram showing ttie various signals in an ^[yparatus according to tfie piesent 
5 invention; 

RG. 4 is a schematic rqpiesentation of a second embodiment of the piesent; 
invaation; 

FIG. S is a schematic iicpiesentation of a ibitd eoobodiment of ^ present invention; 
FIG. 6 is a diagram showipg the various signals in an qipaxatus accoiding to the piesent 
10 invmlion; 

FIG. 7 is a schematic lepresentalion ci a fourth embodimmt of ibo present invention; 
FIG. 8 is a schematic representation of a fifth CTobodimait of the presait invaition; 
FIG. 9 is a schematic representation of an ESD protection scheme, according to the 
presmt invention. 
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DESCRIPTION OF EEIEEERRED EMBODIMENTS 



A first embodiment of the present invaition is illustrated in Figure 2. In this Hguie, an input 
stage 10, according to the present invration is shown. It comprises a level shifter 15 being 

20 connectable to a signal input 1 . The irqput stage 10 lecdves an input signal s(t) with a negative 
sgnal swing. Since ttie subsequrat dbtxniits, herein refCT:ed to as core, are not able to handle 
ne^ve signals at all, tibe level shifter 15 provides for aDC shift of said input dgnal s(t) in 
order to provide an output signal r(t) witti positive signal swing only. As illustrated in Hg. 2, 
the level shifter 15 corrq)rises an amplifier 17 having a first input 11, a second input 12, and an 

25 oulput 13. The amplifier 17 is part of a network comprising a first capacitor CI, a second 
capacitor C2, and a transistor 14 serving as a switch. Prrferably, the transistor 14 is an nr 
charmelMOS transistor. The first capacitor CI is arranged between the signal input 1 and the 
amplifier's first input 11. The second capadtor C2 is arranged in a feedb»k-loop 18 between 
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the output 13 and the first input 1 1. Then is a reference voltage supply 16 that applies a 
reference voltage Vkt to the amplifier's second input 12. 

The transistor 14 is ananged in abranch 19 that brid^ flie second capadtor C2. When 
5 applying a higih level control signal CNISL to the ^te 14.1 of the transistor 14, the level 
shifter 15 is initialized or reset The reset is typically perfonned each time before an input 
signal s(t) is applied to the input 1. 

Whoever the switch 14.1 is closed, the amplifier 17 acts as a unity-gain volta^ follower of 
10 reference volta^ 16, so the output 13 and the input 11 are set close to Vr^ Thus the 

capacitor CI is charged to Ycef-sCt) and DC-level shifting of the input is achieved As soon as 
the switch 14.1 is opened, the anq)lifier 17 together with CI and C2 acts as an invertixig 
amplifier vn&i a gain of -C1/C2. 

1 5 One may for instance, set the control signal CNTEUL to high and release it at the time tO, right 
before the ixq)ut signal s(t) is q>plied. After 10 the ou^t signal i(t) is given by: 



20 Thisequation (1) shows that the DC shift provided by the ii5)ut stage 10 can be determined 
by the reference voltage Vref and by the ratio of CI and C2. Hiis gives arbitrary fi:eedom to 
accommodate any input voltage swing. The control signal CNTRL is activated fix)m time to 
time or whenever needed, in order to compensate for a potmtial discharge of the capadtor 
CI. Hie discharging occurs due to inevitable leakage currents. 




(1) 



For devices that are made using deep submicron processes, it is important that none of the 
devices' transistors is subjected to destmctive voltages across their tenmnals. According to 
the present invention, a hig^ voltage is only carried on the capadtor CI, which should be 
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constructed out of available layers^ like metal interconnect sandwich stnictuies, or fringe 
cq^wdtors, which are able to withstand higher voltage 

Fig. 3 shows an exanople for a constant reference volta^ Yef =1 V and a sine wave s(t) at the 
5 input 1 with a swing betwera OV and -4V. The an^lifier 17 has a gain oi 03. At the time 
t^, the control agnal CNTRL is released This signal is released shortly before the signal s(t) 
is applied to ttie input 1. The sine wave s(t) starts to oscillate between OV and-4V. 
According to the present invention, the output signal r(t) is DC shifted In the present exanq)le, 
tiie ou^ut ^gnal i(t) oscillates around +1 V and has an amplitude of IV. The output signal r(t) 
10 does not enter the ne^ve voltage regime. 

The device 10 can be modified by adding additional capacitors and switches in order to allow 
the DC shift to be adjusted, according to current needs. Rather details will be given in 
coimection with anotiher einboditnrat 

15 

Anotiier embodiment, according to the preset invention, is dqnctedinFig. 4. An apparatus 
20 is shown in Rg, 4 that comprises a level shifter 10, or another levd shifter according to the 
presmt invention, and a bias current source 21. The current source 21 corr^Mtises a network 
having a plurality of PMOS transistors PI, P2, P3, resistors Rl and R2, and a refwence 

20 current source 22. The current source 21 is coiistructedwifli a cunentniirror comprising the 
transistors PI and P2 connected to a supply voltage node 23. A supply voltage Vsijjply is 
^lied to this node 23. As stated above, in a deep submicron fabrication process the volta^ 
across the termirialR of individual tran^stors must not go beyond tiie maTrimuni specified 
voltage Vmax, which ^nerally is close to Vsiqyply- This would mean that the transistor P2 

25 would be biased beyond the allowed operation range when its source is diiecfly connected to 
the i^put node IN. To prevent destruction of the transistor P2, a special cascode transistor P3 
is added, which absorbs any voltage bqrond Vsupply , if the input signal s(t) at the node IN 
goes below OV. The two resistOTS Rl and R2 serve as resistive divider controlKng tiie gate of 
the cascode transistor P3 depending on the input voltage s(t). If required, additional cascode 
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transistors can be put in series with the cascode transistor P3 to allow for a higher protection 
range. In this way the voltage between the node 23 and the node 24 is kept below Vsupply. 

Tte current source 2 1 is designed so tfiat itself is protected against negative input voltages. 

5 

If Vtp is the threshold voltage of the tranastor P3 and sCINTniin) die minimum voltage at the 
input node IN, ttie resistive divider is dimensioned to be: 



-silNxxm) = " >Vfp (2) 

JR2 

10 

Many applications reguiie a bias cuirmt source, preferably on diip. A typical exanq)le is a 
sensor for measuring the power of an RF cranection Hke an antrana. A respective 
ecnbodiment is illustialed in Hg. 5. la this Hgur^ an i^aratus 30 is illustrated. It comprises a 
level shifter 10 or 15, or another level shifio: according to the present invention^ and a bias 
15 current source 21 like the one depicted in Fig. 4. The apparatus 30 serves as peak detector 
for aiadio fiequency signal RF. At the input side, fliere is a network comprising two 
ci^)acitQrsC3 andC4, a resistor R, and a diode D. An RF signal is applied to an RF node 
3L The cunimt source 21 is designed su<^ tfmt the diode D is propedy M 



20 Fig. 6 shows an example for a constant reference voltage and an RF voltage at the input 31 
with a swing between 2V and -2V. At the time t^tO, the control signal CNTRL is released. 
This control signal CNTRL is released shordy bdfore the RF signal is applied to the iiput 31. 
The RF signal starts to oscillate between 2V and-2V. Bg. 6 shows Ae biasing of the diode D 
at about tMO, and the transformation of a negative voltage s(t) to a positive voltage r(t). In Hg. 

25 6, the voltage x(t) at the node 24 (between the transistors P2 and P3) is showa While the 
voltage s(t) goes below OV, the voltage x(t) at node 24 stays within the safe range. This is, the 
transistor P3 is activated, as desired. 
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Accoiding to the present invention, the output signal r(t) is IX! shifted In the present exaaq)le» 
ttie ou^ut signal i(t) does not enter the negative voltage regime. 

Yet another odbodiment, according to ttie present invention, is depicted in Fig. 7. In Hg. 7, 

5 an apparatus 70 is illustrated where the reference voltage Vief and the ratio C1/C2 can be 
changed In this Figure, an input stage is shown. It comprises a level shifter 75 being 
connectable to a signal ingnt 1 1 . The input stage receives an input signal s(t) with a negative 
signal swing. Since the subsequmt circuits (not illustrated in Fig. 7) are not able to handle 
negative signals at all, the level shifter 75 provides for a DC shift of said input signal s(t) in 

10 Older to provide an output signal i(t) at an output 73 with positive signal swing only. As 
illustrated in Rg. 7, the level shifter 75 comprises an amplifier 77 having a first input 61 , a 
second input 62, and an output 73. The amplifier 77 is part of a networic comprising a first 
ci^wcitor CI, an array of n second capacitors C2A, C2B through C2n, and a transistor 74 
serving as a switch (nsw). Preferably, the transistor 74 is an n-channelMOS transistor. The 

15 first ciQ>acitor CI is arrange between the signal input 71 and the ampMer^s first input 61. 
Hie second o^adtors C2A, C2B through C2n are arranged in a feedback-loop between fiie 
output 73 and the first input 61. A reference voltage Vrf is supplied by a controller 78 and a 
digitalrto-analog (DAC) converter 79 to the anoplifier^s second input 62. The output voltage 
r(t) at the output 73 is measured with an analog- to- digital converter (ADC) 80 and fed as 

20 digital data (Adata) to the controller 78. The controUo: 78 is a digital controller which sets the 
reference volta^ Vrfat flie input 62 with the aid of the digltal-to-analog (DAQ converter 79. 
Furthermore, the controll^ 78 tunes the gain of the anq>lifier 77 by switching the cs^)acitars 
C2B to C2n in parallel to C2A If flie switching signal sb is applied, the second capacitance 
C2 is defined by a parallel arrangement of C2A and C2B, for example. That is, C2 = C2A + 

25 C2B. In this case, the output signal r(t) is given by the equation (3) : 




(3) 
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Ihe g^in is detenxuned 1^ 

^ain= ^ (4) 

C2A+£(C2i-ai) 

5 with ai=l, when the switch s is closed and aM), when the swildi s is open. Lake the {^aratos 
descdbed befoie» from time to time a reset is xequiie^ since the capacitors CI, and C2A to 
C2n get dischaiged due to leakage currents. 

It is also possible to enoploy a programmable array of capacitors instead of ttxe single first 
10 capacitor CI. 

A block diagram of an apparatus 90 similar to tiie one depicted in Fig. 7, is given in Hg. 8. 
The apparatus 90 comprises an irq[)utpad 91 where a signal s(t) wifhn^adve signal swing is 
applied. An ESD protection 92 is provided in order to prevent the core against all possible 
15 ESD overstcess situations. A bias current source 93, similar to tiie one illustrated in Rg. 4 is 
provided. A level shifDer 95 provides for a DC shift of the signal s(t) at its input 91 . A timing 
circuit 94 pro vides a control signal CNTE(L in order to res^ 

reference volta^ Vnf is provided by a referraice voltage source 97. The gain of an amplifier 
inside the level shifter 95 and the reference voltage Vnf may be controlled and adjusted by a 
20 controller 96, similar to the one illustrated in Fig. 7. The output 91 is connected to a circuit 
core which is not illustrated in Fig. 8. 

The general ESD protection scheme, applied in connection witii the presoit invention, is 
schematically illustrated in Hg. 9. There are two diodes DPI and DP2 that are arran^d to 
25 protected tiie level shifter and core 103. The diode DP2 is situated between tiie input node 91 
and the si5>ply node 101 and the diode DPI is situated between the supply node 101 and the 
substrate 102. A clamp diode DCLl is situated between the supply node 101 and the 
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substrate 1Q2. The diodes used must be robust enough to withstand the wanted BSD level. 
Fkeferably, the diode DPI comprises an Nwell laying inside a P-epitaxy or P- well layer. Hie 
Nwell to substrate 102 breakdown voltage is preferably greater than 20V, for exanq>le. The 
diode DP2 comprises a p+ active rpgLon in^de the Nwell that also builds tfie diode DPI. The 

5 breakdown voltage of the diode DP2 is preferably greater than 12V. The power protection 
clan^ diode DCLl limits the voltage on the supply node 101. The limit may be set to be IIV, 
for example. The resulting voltage range for the input node 91 is therefore 12V to Vsuppiy+Vf 
(diode forward voltage), with the restik^tLon that Vt^y < Vbr (the breakdown volt^e of ttie 
diode DCLl). Pcefearably, a protection resistor Rp is atuated at the irqput of the level shifter 

10 and core 103, as fflustrated in Hg. 9. 

For multi power domains* eadi domain must have sudi a combinadon of a P type diode Dl 
and power clamp diode DCLl. 

In addition to the protection scfamie illustrated in Fig. 9, it is advanta^us to employ a so- 
called secondary protection sdiooe in order to protect the elements of the level shifter and 
core. Two different cases are dealt with in tiie following: 

1 . If the core is a PMOS drain, tiiis drain must be protected against electrical overstcess. 
This can be done by means of a protection resistor. Hiis resistor is to be calculated to 
prevent tihe maTnmiim current not to cause any damage at the PMOS drain of the 
core. 

2. If the core is a gate, an RC low pass filter built by a protection resistor Rp and a 
diode p towards Vsuppiy is lecommmded as protectioiL This is necessary, since in 
modem semiconductor processes, the gate breakdown voltage is very low. The time 
constant of the RC low pass filter should be around 50ps, for exan5)le. In general, the 
protection resistor should be as lar;^ as possible, the lestdctions are given by the 
switching fi:equency and input driving capability of the wovat that provides tiie input 
signal s(t) to the apparatus according to tiiepresmt invention. 



15 



20 



25 
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Due to the close voltage limitations, it is leoommended to have tte VDD protection as close 
as possible to the supply node. Otherwise, the interconnect lines cause an additional voltage 
drop resulting injunction or gate oxide breakdown in the core. 

5 The present scheme can be used to protect CMOS (complranentary metal oxide smnconductor) 
and BiCMOS circuits (bipolar devices coinbined witii CMOS subcircuits on a single chip), for 
example. 

The present invention can be used in mobile phones and other devices where the RF power of an 
10 antenna is measured fix»n time to lime. The invmtion can also be used in dectridty counters, 
interface circuits (such as RS232) and so fbrlh. 

In the drawings and spedficaticm tiiere has been set forth preferred embodimmts of tiie 
invention and, although specific terms are used, the descijption thus gtvra uses terminology in 
15 a generic and descriptive sense only and not for purposes of limitation. 
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CLAIMS 



1. i^aratus (10; 20; 70; 90; 100) compiiang a level shifter (15; 75; 95; 103) connectable 
to a signal input (1; 31; 71; 91) for leodving an input signal (s(t)) witti a negative signal swing, 
said level shifter (15; 75; 95; 103) providing for a IX: shift of said iiiput signal (s(t)) to provide 
an ou^ signal (Kt)) with positive signal swing, said level shifter (15; 75; 95; 103) conquising: 
5 - an an?)lifier (17; 77) having a first input (11; 61), a second input (12; 62), and an 

ou^ut (13; 73), 

- a first capacitor (CI), 

- a second capacitor (C2; C2A. C2B to C2n), 

- a lel^mce voltage siqE^P^y '79), and 
10 - atranastor(14;74)servingasaswitcih, 

wherein said first capaaiDt (CI) is ananged betweoi said signal input (1; 71; 91) and 
said first input (11; 61), said second capadtor (C2; C2A, C2B to C2n) is arranged in a 
feedback-loop (18) between the output (13; 73) and said first input (11; 61), said 
le&x&acc voltage siq>ply (16; 79) is connectable to said second input (12; 62), and 
15 whexein said transistor (14; 74) is arrangnl in a branch (19; 69) that brid^ the second 
cj^padtor (C2; C2A, C2B to C2n), whereby a control signal (CNTRL) is ^Hcable to a 
gate (14.1; 74.1) of said transistor (14; 74) in order to allow &e level shifter (15; 75; 95; 
103) to be reset from time to time. 

20 2. The apparatus ofdaiml,wbesein the ^dnoflfaeanqtlifier (17;^ 

varying ttie effective capadtance (^the capadtors (C2; C2A, C2B to C2n). 
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3. The apparatus ofclaim 2, wheiein a bran^ 

provided, said branch coiaprising a capacitor (C2B, C2d) in series with a switdi (sb, sn)» 
whGteby die effective capacitance can be varied by opening or closing tlie switch (sb, sn). 

5 4. The apparatus of claiin 2 or 3, conq[xrising an and^ 

connectable to the ou^t (73) for detenmning the voltage level at the ou^ut (73), and a 
controller (78; 96) for receiving digital infonnalion fix>m to flie ansdog- to-digital converter 
(80), said digital information representing tfie volta^ level, said controller (78; 96) 
providing a agnal to adjust the effective capacitance. 

10 

5* Hie s^aratus of claim 1, 2, or 3, comprising a dig^tal-to-analog converter (79) 
serving as reference volta^ scqpply, said digital-to-analog converter (79) preferably 
receiving a digital signal from a controller (78 ; 96). 

15 6. The apparatus of claim 1, 2, or 3, comprising a bias current source (21; 93) with a 
network having a plurality of transistors (PI, P2, F3), resistors ^1, R2), and a reference 
current source (22). 

7. The apparatus of claim 6, wherdn one of the transistors is a cascode transistor (P3) 
20 which is arranged with respect to one of the other transistors (P2) so as to absorb any 

voltage beyond a supply voltage (Vsupply), if the input signal s(t) at falls below OV. 

8. The cqpparatus according to one of the preceding claims, further comprising ESD 
protection means (92) being adapted to handle negative volta^ swipgs at ftie signal ir^ut 

25 (91). 
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9. The apparatus of claim 8, \vherein the ESD protection means (92) comprise a fast 
diode (DP2), a second diode (DPI), and a third diode (DCLl), said first diode (DP2) 
bdng ^tuated between flie signal iopK (91) and a sxippfy node (101), said second diode 
(DPI) hdDg situated betweoi the supply node (101) and a substrate (102). and said third 
diode (DCLl) being situated between the supply node (101) and the substtale (102). 
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ABSTRACT 

INPUT STAGE RESISTANT AGAINST NEGATIVE VOLTAGE SWINGS 

Apparatus (10) conoiniang a level shifter (15) connectable to a signal input (1) for receiving an 
input agnal (s(t)) with a ne^tive agnal swing. The level shifter (IS) provides for a DC shift of 

5 the input signal (s(t)) to provide an ou^ signal (r(t)) with poddve signal swing. The level 
shifta: (15) comprises an anq)li£iCT (17) with a first input (1 1), a second ii^ut (12), and an 
output (13). A first capacitor (CI), a second capacitor (C2), a refCTence voltage supply (16), 
and a transistor (14; 74) serving as a switch, are arranged in a netwodc as follows: the first 
ct^padtor (CI) is ananged b^em die signal input (1) and the first ii^t (11), the second 

10 capadtor (C2) is arranged in a feedback-loop (18) betweoi Ihe output (13) and Oe first input 
(11), and Ae referrace voltage si^jply (16) is c(»nected to the second input (12). The 
transistor (14) is arranged in a branch (19) that bridges the second capacitor (C2), whereby a 
control signal (CNTRL) is i^licable to a gate (14.1) of flie tranastor (14) in order to allow 
the levd shifiter (15) to be reset fixnn time to tinoB. 

15 
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